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Abstract—Constant downscaling of transistors leads to increase l l l l l l
the relative difference betweenL,,..r and L.y . Effective length

(Lesy) extractions are now crucial to avoid calculations errors
on parameters such as the mobility, which can exceed 100% for
shorter devices. We propose an industrially-adapted meth to
extract L.sy by using an enhanced "split C-V” method. Accurate
and consistent values have been extractedt(nm) and then
correlated to mobility and HCI lifetime studies, as a function
of Leff.

lithography mask

—»| gate definition

Index Terms—Effective channel length, split C-V, parasitic
capacitances, gate-to-channel capacitance measurements

I. INTRODUCTION

Transistor downscaling has been so fast in recent yearg 1. Typical MOSFETSs architecture studied in this papefefinition of
that effective channel lengthL(;;) — defined by the inver- Lmask (before SDE implantation)L o, and Le ¢
sion layer length — hardly reaches 50% of the mask length
(Lmask) ON sub-65nm technologies. At such scales, a few ) - )
nanometers shift can induce a misleading results intertioet, Short devices [2], [7]. Capacitive method providesLay
justifying necessity to estimate the channel length rednct €xtraction without any assumption regarding the mobibiy;
(AL = Lunask — Ley¢) With enough accuracy, as a function oftrongly depends on parasitic capacitances issues rising o
Lumask- The latter dependency results from deep sub-micréiodern technologies [2], [8]. As a consequence, we recently
lithography limits Cmask — Lpory Shift) and diffusion of adapted the latter to sub-65nm technology devices, in an

Source-Drain Extensions (SDE) (Fig. 1). industrial context.
As previously exposed, current-based extraction methods
fail because of the mobility variations with the gate lenfdth I1l. METHODOLOGY

[2]. We developed_ an industrially_—adapted method prO\g'dinA_ Experimental setup

large scale extraction and so, statistical results thamkslHty- )

automatic probers. Technique has been improved to reach a{/e Pperformed 1MHz-frequency capacitance measure-
unequaled 1nm-accuracy dn;  (in relative) through a better ments on a f_ully-aut(_)matlc 300mm-wafer prober (Accre'Fech
understanding of parasitic capacitancds,, is a critical UF3000) equipped with a HP4284 LCR meter and an Agilent
parameter, useful for Physics modeling and for a better und&073B connection matrix. The latter is required for autamat
standing of the MOSFET. We will highlight this usefulnes§'¢asurements, allowing probing of several pad combinstion
by examples of applications on mobility and HCI lifetime>Pecific home-developed software was used to perform batch

extrapolation as a function of. s, for 65nm-technologies extractions on large samples (20 dies per wafer) to improve
and below. accuracy and provide statistical results.

[l. STATE-OF-THE-ART B. Capacitive method

Ip(Vs)-based methods have been previously proposed forL.;¢ is extracted using gate-to-channel capacitance
L.;y extraction, assuming invariance of the mobility with theneasuremen€'y.(V) (Fig. 2) which is proportional to the
length of the transistor [3]-[6]. This approach is now msta channel area({;. o< W x L¢s). Furthermore, we will see that
because of the low-field mobility degradation observed dhis method does not need any de-embedding structure to get
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Fig. 2. C4c(Ve) curves measured for several transistor lengths and plottédg. 3. Extraction of a constamk L from a linear regression on the plot of
using logarithm scale (45nm-technolo@y,, = 12A). In insert: measurement max(Cyc) = f(Lmask). IN insert: zoom on the specific part of the graph
setup. where AL is extracted

100 .
rid of parasitic capacitance as foly;, (V) measurements [1], | ¢— AL median values L

[9]. Maximum of capacitancenax (Cy.) is set as a reference
point for each curve. Two ways of extraction are thus possibl
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1) Constant AL method: We can assum@L is invariant
with L,,..sk (1) and extract its value from the linear regression |
on the plot ofmax(Cy.) = f (Lmask) (Fig. 3) [2]. Thus,AL <AL> extracted from constant AL method
is the value read at the intercept between the linear ragress 80
and theL,,,s-axis. In this case, error ab. s ; will be strongly 3 -
linked to the relevance of th& L(L,,.sx) linearity assumption
in the regression window. The latter is mainly influenced by |
lithography and gate-etch process optimization. 70 ‘ ‘ ‘ ‘

Cye =W - Cop X (Limask — AL) 1) 0 0.1 0.2 0.3 0.4
Mask length L g (Hm)

mask

Fig. 4. AL(Lyqsk) behavior resulting from "IndividuaA L” extraction
2) Individual AL method: We can extract an individual method

AL for each transistor from a proportionality rule (2), using

the longest transistor as reference (Fig. 4). Thus, therlatt . ] .
must satisfy to the relationxf . > 1um in order to assume connection pads; 2. B;-dependent component is inherent to
as -

LZ;@ = Lfffsk with enough accuracy. Error due to this::ge iﬁ:niitsaézrxegtsirg éF!g. 5). Total MOSFETS parasitic
assumption is not greater than 2% for ani-length reference P P y:

transistor (0.2% for a J@n-length). « the outer fr_inging capacitance€’{y) bereen the gate and
o source/drain through the spacers (this component does not
AL* = Ly — L1 x 22 i ) depend onc,); .
max(Cgc’) « the inner fringing capacitanc€{;) between the gate and

SDE through the channel;
« the overlap capacitanc€’,) between the gate and SDE
Use of "individual AL” method allows extracting\L for through the gate oxide.
each mas!< length and studying el (Lynask) behaV|o.r due In accumulation and inversion regimej;; is screened by
to photo-lithography and g_ate etch ProCESSES. Unlikelg, tRoles and electrons filling the channel. Its maximum value is
other method _does not require a ang transistor as refetmrice,, expected near the flat-band voltage~ V;,, when there
can only Erowde a cpnstamL_ which is almost the averageis no screening possible. In strong accumulation, depletio
value (AL") (dotted line on Fig. 4). region in SDE is created and acts as if the oxide thickness
- ] would have been increased in these regions, reducCing
C. Parasitic capacitance Parasitic capacitance can not be measured directly in in-
Gate-to-channel measurement is impacted by parasitic garsion regime. The latter has to be extrapolated to allow
pacitances: 1. a constant term comes from cabling, prolsks @&stimation of the parasitic capacitance behavior in ingers

—*
7Leff
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capacitance for 65nm technology NMOS transistdfs,(= 18.54, W = o .
10pm). In insert: schematic of intrinsic parasitic componeithe MOSFET ~A. HCI lifetime extrapolation

(from [10)). Aggressive downscaling concerning channel length,
junction depth and oxide thickness leads to increase the
_ ) _ ~ lateral electric field in the transistorE( o« 1/Lcss). In
regime (Fig. 5). Thus, we measure(g:"" parameter which gych devices, carriers get a high kinetic energy, reason for
has the same value (extrapolation) as the parasitic capaeit \yhich they are called "hot carriers”. Due to this high energy
included in themax(Cy.) measurement. Practicallfg:™ = hot carriers can either pass the dielectric energy barrier
Cye (Vin — AV)) whereVy, is the threshold voltage andV'  or generate an electron/hole pair by impact ionization. In
is a constant adjusted from results in [10]. TypicalM. error  poth cases a charge may be injected into the dielectric (Hot
generated by this procedure is not higher than 3% on nomiggarrier Injection), degrading the device reliability gifme
length transistors. reduction) and shifting the threshold voltage. HCI lifetim
strongly depends orL.;s. The latter has to be measured
with accuracy in order to distinguish itself from other farst
IV. TEST STRUCTURES which may affect the lifetime too.

Capacitance measurements through the connection matri Ve performed_Lc; ¢ measufrvementso on two devices from
require gate areas above 68 to provide a large enough®SNM-LPST technologyZ,, = 18.5A), allowing the use
Signal-to-Noise Ratio. Matrix test structures composed\by of matrix test structures described in IV. HCI lifetime is
identical transistors wired together allow increasing tbial expected to be t,h’e same t,)ecguse devices come from similar
area for a giverLuq.;. Thus, we used matrix test structure®rocess flows (A and 'B), in whichLe;, is the only
(Fig. 6) with constant widti? and variableN to keep a near HCl-relevant factor which could change. Indeed reliapilit
constant aread = 100m2) whatever the length, providing to measurements show a lifetime-shift which can be explained
us the ability to perform automatic measurements in optim@y & Less-shift of 4nm between 'A- and 'B'-processed
conditions (2-3 min peiCy.(Ve) curve). This test setup is devices.

fully-adapted and scalable to any Low Standby Power (LST[5yf.f measurements have beeq done using methods de_scribed
technology (gate oxide thicknegs, > 15,&) into 11I-B on more than 20 dies. Accurate and consistent
2 = ' results were obtained\L.;; = LA, . — LB . = (3.54+1)nm
If T,, < 15A, the total area needs to be reduced furthe(@“.dat.n the assum t'ogjtfhat Heéclfl'fet're'r{é shift is exd :
to get rid of the gate leakage effect which affeatsx(Cy.) validating umpt et iftis excuedy

extraction [11]. Use of a connection matrix is no more pdesibdue to aLcyy shift between the two devices.

but automatic measurements are still feasible by conrgectin This examole clearlv shows the relevance of.a mea-
the probes directly to the LCR meter. The measurement P y &7

precision — and so the measurement time — have to be raiseat}grements towards reliability studies and usefulnesgf

K . e Praction for physical understanding of the transistor.
eep the same accuracy. In all case, capacitance measusemén

on isolated MOSFETs are still possible W ~ 10um, -

considering the equipment detection limit,{;, ~ 0.2um?) B Mobility measurements

which is reached for the shortest transistors. We performedIp (V) measurements further th.¢s ex-

For instance, a 45nm-LSTP nominal length transistor has taction in order to extract the mobility and study its beabav
area about 0@m? (W = 10um) and provides a signal ampli-toward L.;s. We focused on low field mobility 1y =
tude of a few fF. For this critical case, the entirg. (V) curve  picsr (Qiny ~ 0)) instead of the whole curvei.;s(Eeys)
needs about 20min to be measured with enough accuracy.obtained by Split C-V method [2]. Thus we need accurate
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Fig. 7.  Lifetime versus ratialy,x/Iqrqin Plot for two different gate Fig. 8. Mobility behavior toward.. s andL,,qs, (insert) for 45nm-devices
annealings. A 4nm-shift is extrapolated from the measumgsnéor L,qs1 =  (Tox = 12A). po(Leyy) plot discloses a 20% mobility improvement on short
70nm. devices.

L.y extractions in order to extragi, with accuracy too.
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